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SUMMARY

Teste were made to study the effectes of a typical
nacelles on the characteristice of a thick low~drag air-
foll which had been shown from previous tests to be sud-
Ject to separation difficulties resulting from leading
edge roughness; that i1s, the airfoil with roughneses had
been shown to have sharp drag increases at moderate
angles of attack. The present resulte tend to substan-~
tiate the results of previous tests which indicated that
the alrfoll was unconservative with respect to separa-
tlon 4difflcultiea. On the other hand, unconservative
sections of thies type appear to show lege serious drag
increases with nacelle interference than with leading-
edge roughness, The lerading-rdge roughness asdopted as a
standard may therefore be considered to remain the most
satlsfactory means of Jjudging such airfolls,

INTRODUCTION

The NACA low-drag airfoills first investigated, and
most of those for which data are presented in reference 1,
were intended to be of comnservative desrign to avold seri-
ous separation difficulties even with rough leading edges.
The thickness, camber, and position of minimum pressure
of these alrfolls were chogen to produce Gonservative
. pressure recoveries over thes rearward part of the upper
surface. In connection with early applications of these
alrfoils, questions arcse concerning possible adverse of-
fects of conventional nacelles on these sections; a pro-
gram of teets of meveral representative nacelles on low-
drag wings wae consequently started. The first two
series of tests showed that the drag and interference of
the nacelles on a moderately thick low-drag wing. were
emall (references 2 and 3),




Later applications of low-drag airfoils to long-range bombers
with high wing loadings resulted in an increase in the alrfoll
thickness ratios end caubers to the polnt where it was feared that
oxceaslve drag coefficlents resulting from turbulent separation
might be experienced in the useful flight range of 1lift coefficients
if ihe leading edges became roughened. An investigation of the
effect of extreme lexding-edge roughress on alrfolls in the doubtful
range (refeience %) indicated that the conservative range of elrfoil
design was probebly being exceeded.

As a prelirinary study of interference effects on low-drag
alrfolls, a later Investigation was made in which seversl alrfolls
were tested with an Intersecting flat plete normal to the span.

The results indicated small interference effocts for two conservative
alrfoils and large, although not severe, effecta on an alrfoil
which had previously been shown to be unconservative with respeﬁt

to leading-edge roughness (reference 5)..

.The present lnvestligatlion was made to study the effects of a
typlcal nacells on one of the airfolls that had been shown to be
unconservetive with respect to leading-edge roughness. Teats of
the amcoth wing ancd of the wing with leading-edge roughness.were
made bcth with and without the nacelle and the results are presented
herein for comparison.

MOIFL, AND T®ST METHODS®

The nacelle of reference 2 was chosen for the Investigation
because results-of tests of this nacelle on a moderately thick low=-
drag wing have bean reported in reference 2. For the present tests,

IAt the time this roport was originally published, some of the
corrections required for reducing the test data to fres-alr conditions
had not been determined. The values of secticn 11ft coefTiclent c

for the NACA 65,2-422,. a = 1.0 airfoil section (fige. 2,3, and L)
should 'be corrected by the equation ' .

l(corrected.) .96507' + 0.0

The velues of section lift coefficient c; for the NACA 66, 2-216
a = 0.6 =airfoll section (¥ig. 3) should be corrected by iho
following equation

Z(G-QI'I‘Q-O'bed) = 0996501 + 00006



the nacelle was mounted on an NACA 65,2-122, & = 1.0, (approx.),
alrfoll which had previously been shown to have marked drag increases
at moderate angles of attack after the.applicatlon.of- extreme- - -
leading-edgo roughness. ‘The wing model had & choxd of 2 feet and

a span of 3 feet (tunnel tost-section width). The wing was set

at an angle.of incidence of 1° to the thrust line of the nacelle
and, for practlcal reasons, the nacelle was mounted ebout 1 nacelle
width off the twmnel center line. Two views of the wing-nacelle
combination and details of the intermal-~air flow arrangement are
shown 1n figure 1.

" The teste were conducted in the NAGK two-dimensional low-
turbulence pressure tunnel.  The drag coefficlents for the
combination were obtained 'bv the methods outlined in references 2-

and 3. .The roughness applied to the leading edge of the wing
for some of the tests was the gtandard roughness described in

reference 4 and extended from the tunnel wall to the nacelle-wing
Juncture on each slde of the nacelle.

SYMBOLS

The data are presented with the use of the following symbols:
cd section drag coefficient

Acg, ‘additional external-drag coefficient based on area equel
to airfoll chord squaréd

¢, section 1lift coelficlent
Ag model exit area, square inches
ve/Vo ratlo of exit velocity to free-stream velocity

NHo/ao, Tatio of total pressure loss at exlt to J.ree-stream
dynamic pressure

ACDF coefficlent of drag due to internmal losses
ECDF coefficient of total drag and interference
Cop coefficlent of external drag and interference ():cq,. - Mm)

Velues of the drag coefficient CDE are Baged on thé model frontal
ares, 29.08 sguare inches.



RESULTS AND DISCUSSION

Test results of internal=flow meé.su:-cemenﬁs and corresponding
drag increments are given ilu.table I. The drag increments Acg,

fue to the extermal drag of the nacelle are plotted in figure 2

to the same scale as the sectiun drag coefilcients, and the shaded
ares represents the additional drag: incirements of tiae nacelle. -
This method of plotting provides a convenlent comparlison with
section characteristics by reducing the drag of the nacelle to

the additionel section drag coefiiclent spread over 1 chord ol spen.

It cen be seen In figure 2 that, over a span equel to 1 chord,
the additlonal drag of the nacelle 1s not so large as the drag dune
to leading-edge rouginess. In figure 3, however, the external drag
of the nacelle on the smooth wing appears appreclsbly higher at the
lower 1ilt coefficleants than the drag of the same nacelle on a
conservative low-drag wing (reference 2). This higher drag for
the nacelle cn the unconservative wing 1s indicated 1n spite of the
Tact that the nacelle wetted area 1s reduced when mounted on the
thicker wing. Unfortunately, no comparison can be mede at higher
1lifts because the 1ift renge of the drag tests in reference 2 wau
limited.

Results of tests of the nacelle on the wing with leading-edge
roughness Indicate sharp increases in the nacelle external-drag
coofficlents at comparatively low 1ift coefficlents. Thias sharp
increase In drag cen be seen, in figure 3, to occur at lower 1if+%
coofficlents for the nacelle on the wing wlith leading-edge roughness
than for the nacelle cn the smooth wing.

The sectlion 1ift comparisons of figure 4 show practically no
change 1n 1ift coefficlent with the addition of the nacelle at the
lover angles of attack. However, the measurements indicate
increases in 1lift coefficient at the higher angles of attack for
the wing in both conditions with the additlon of the nacelle.

CONCLUDING REMARKS

Unconservative sirfoil secticns of the type tested appear to
show less serious drag increases with nacelle interference than wlth
loading-edge roughness; the standard leading-edge roughness mey
consequently be consldered the more satisfa.ctory means of Judg:l.ng
such airfolls.

Langley Memorisl Aercnautical Leboratory,
National Advisory Commlttee for Aeronautics,
Langley Field, Va.
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TARLE I°

INTEBNAL FLOW MEASUREMENTS AND DRAG INCHREMENTS
[Maxiuum cross-sectional area of model = 29.08 sq in.]

VYing cy . el S il o Cpq
aiti T o
soneTRReR (2) [() [(2) | () [0) [(@) | @) [ | (2 | & | (@) | F| @
Smooth 0.3913.7210.27|C.78]0.86|C.73|C.66]0.29:0.51]0,3910.035|0,0040.008 |0.104 10,057
Dom—m—mm .73 3.72| .27| .78| .87| 60| .58 .31| .49{ .37| .03&| .003| .006| .114] .067
Do————m 1.00{3.72} .27] .78| .B8| )| .51 .u1| .51 .uO| .052{ .003 .006' .308| .24y
Leading-
odge .32l 3.72) .27 .78 .26{ .73| -66{ .29 .51 .39] .0Z5} .00k} .008) .090| .O43
roughness
Leading- I
edge Q213,721 .27 78] .87 .69 .63 .29]| .50| .38 .035| .00% .007| .108] .062
roughness
Leading-
edge .50{3.72| .27| .78| .87{ .65| .60] .30} .kg9| .2z7! .037| .003! .007| .1326! .089
roughness I
Leading- ’ . .
edge .59 3.72} .271 .78} .87| .60] .53 .31] .bW9| .37 .038| .003| .006| .194| .14y
roughness

8Pngine-coolirg-air exit.
YAuxiliary-cooling-air exit.

CCorburetor-air exit.
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,Carburctor-air inlct NACA 65,2-422,
\ Engine-cooling-air exit a = 1.0. (approx.)

[4
tAuxiliary-cooling-air exit '
Carburetor-air exit

Figure l.- Nacello-wing combination showing details of internal air flow.
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Figure 2.- Comparison of drag-gsoefficient increments of nacelle.
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Fig. 3
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Figure 3.- Comparison of nacelle external-drag coefficients.
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